Background: Emergence of insecticide resistance in malaria vectors is a real threat to future goals of elimination and control of malaria. Therefore, the objective of this study was to assess research trend on insecticide resistance of Anopheles mosquito. In specific, number of publications, countries, institutions, and authors' research profile, citation analysis, international collaborations, and impact of journals publishing documents on insecticide resistance will be presented. It was conducted via Scopus search engine which was used to retrieve relevant data. Keywords used were based on literature available on this topic. The duration of study was set from 1996-2015.
Background
The most common and dangerous malaria parasite, Plasmodium falciparum is transmitted by Anopheles gambiae. More than 100 species of Anopheles mosquito have been implicated in the transmission of human malaria. Prevention and reduction of malaria transmission requires control of Anopheles mosquito which can be done through insecticide -treated mosquito nets (ITNs) and indoor residual spraying (IRS) [1, 2] . The World Health Organization (WHO) approved the use of several insecticides for control of malaria vector. These insecticides belong to four chemical classes: organochlorines, organophosphates, carbamates andpyrethroids. For safety reasons, only pyrethroidsare suitable and safe for use in ITNs and long-lasting insecticidal nets (LLINs) while all approved insecticides are used and recommended for IRS [3] [4] [5] .
The WHO is working toward an ambitious goal for the period 2016-2030 regarding control and elimination of malaria from different world regions [6] , and future management of water resources in Africa, waste water irrigation, and water lifting devices [7] [8] [9] . The previous two decades had witnessed great achievements regarding malaria control [10, 11] . However, several challenges are facing the international agenda to control malaria by 2030. Most important challenges are the emergence of resistance to the new generation antimalarial drug resistance, artemisinins and the emergence of resistance among malaria vectors to common insecticides [12] [13] [14] [15] [16] [17] [18] [19] . Insecticide resistance in malaria vectors is becoming a global concern because of reports on insecticide resistance from many countries in Africa [20] [21] [22] [23] [24] . Of particular concern is vector resistance to pyrethroids since they are the only class of insecticides approved for use in ITNs.
Research on insecticide resistance is highly needed in order to understand epidemiology and prevalence of the problem, the molecular mechanism of resistance, and to find strategies to overcome this problem. An initial step in understanding the size of the problem of insecticide resistance is analysis of available data and literature on this topic in order to assess what has been achieved. Actually, the intensive work of researchers in all fields of malaria has contributed to the control of this fatal infectious diseases. For example, Nobel Prize in 2015 was awarded for scientists who developed the artemisnins drugs which contributed significantly to malaria control [25] [26] [27] [28] .
Bibliometric analysis is a field in which several parameters and techniques are used in order to assess the volume, scientific impact, and trend of research on a particular topic. Bibliometric studies on insecticides in general have been carried out [29, 30] . Furthermore, bibliometric studies on malaria have also been published [31] [32] [33] [34] [35] . However, no biliometric studies have carried out on insecticide resistance of malaria vector. Therefore, the objective of this study was to assess and map research output on insecticide resistance of Anopheles mosquito, the malaria vector. In specific, the overall volume of publications, country, institution and author research profile on insecticides resistance will be presented. Furthermore, citation analysis, international collaborations, and impact of journals publishing on insecticide resistance of Anopheles mosquito will also be presented. Therefore, this study will be a new addition to the literature of malaria in general and insecticide resistance in malaria vectorsin particular. Research activity in vector-borne diseases is considered a priority for many world regions like Africa and South East Asia. Furthermore, research in vector-borne diseases must respond to the dynamic changes of these diseases and insecticide resistance is an emerging concern in this field in general and in malaria in particular. This was the major motive for this study.
Methods
Scopus database was used to search for all published articles on insecticide resistance in malaria vector. Use of Scopus as a search engine was justifiable given the advantage that Scopus has over other databases [36] . Keywords used were those listed as insecticides for malaria vector control plus keywords pertaining to insecticides used in nets and residual spraying. These keywords were used in the title/ abstract fields. These keywords were used in combination with the word resistance or resistant. Retrieved documents were manually checked for validity of search strategy and articles that were outside the scope were deleted by adding the phrase "AND NOT" to the search query. For example, some of retrieved articles were about lice and scabies and had to be deleted. Manual validation was carried out by two of the co-authors who were aware of inclusion and exclusion criteria. Analysis of retrieved articles included listing bibliometric indicators mentioned in previous studies [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . Analysis of results included regression models since this has been utilized successfully in previous studies [50] [51] [52] [53] . Country, institution, source title, and authors were presented as top ten active items.
Collaboration between countries was presented as percentage of single country publication (SCP) and percentage of multiple country publication (MCP). The SCP represents intra-country collaboration while MCP represents inter country collaboration. Citation analysis for countries and journals was presented using VOSviewer technique [54] . The technique generates map that are either as density or network visualization maps. The map can be generated based on certain criteria set by the researchers. The impact of retrieved articles was assessed using Hirsch-index (h-index) [55] . The strength of journals publishing articles on malaria vector resistance was assessed by impact factor (IF) obtained from Journal Citation Report 2015.
Results

Publications' numbers and citations
Results of the search query yielded a total of 616 documents, mainly as original research articles (n = 569; 92.37%). Most retrieved articles were in English (n = 588; 95.45%). The number of publications on insecticide resistance in malaria vector showed a dramatic growth in the past two decades (Fig. 1) . The number of publications reached 73 documents in 2014 while there were only 4 documents published in 1996. The total number of citations of retrieved documents was 16238. Therefore, the average number of citations per article was 26.36. A total of 569 (92.37%) articles had at least one citation while 47 (7.63%) articles had no citations. The h-index of retrieved articles was 60. A scatter plot of the number of publications on vector resistance versus time yielded a straight line with a significant correlation and r value of 0.955. Poisson log-linear regression analysis indicated that publications on pyrethroid resistance is a significant predictor of worldwide research productivity on insecticide resistance in malaria vector. The model showed that the worldwide productivity will be 1.06 times greater for each extra article on pyrethroid resistance in malaria vector. In other words, there is a 6.00% increase in the number of publications for each extra article on pyrethroid resistance.
Publications analysis based on authors and countries
A total of 82 different countries and 1922 authors contributed to the publication of retrieved articles. Therefore, the average number of authors per article was 3.12. Of the 82 countries, there were 34 African countries and 12 Asian countries. The top ten productive countries were shown in Table 1 . The United Kingdom (UK) ranked first followed by the United States of America (USA) and France. The productivity of countries in the top ten list was made mainly through international collaboration. The top list included seven African countries, one Asian, and three western countries. More than 90% of articles produced by the UK, France, Burkina Faso, Kenya, Cameron and Tanzania were produced by multiple authors from different countries, i.e. international collaboration. India has the least international collaboration followed by South Africa. VOSviewer network visualization map showed that the UK had collaborations mostly with Benin (relative link strength = 46) and the USA (relative link strength =37). For the USA, collaboration was mostly with the UK and Kenya (relative link strength = 17). For France, collaboration was mostly with the UK (relative link strength = 31) and Cote d'Ivoire (relative link strength = 21) (Fig. 2) . Analysis of citation counts for countries with a minimum productivity of 10 documents showed that the UK had the largest citations followed by France, Benin, and the USA (Fig. 3) . Publications analysis based on journals in which they were published Retrieved articles were published in 134 different scientific peer reviewed journals. The journal that published most in this topic was Malaria Journal (n = 101; 16.40%) followed distantly by Parasites and Vectors journal (60, 9.74%). The top ten active journals in publishing articles on insecticide resistance are shown in Table 3 . The total number of articles published by top ten journals was 333 articles equivalent to 54.06% of total retrieved articles. The total IF of articles published by top ten journals was 904.01, an average of 2.71 per article.
VOSviewer density visualization of citation density of e top ten productive journals shows that Malaria Journal had the highest number of citations followed by Parasites and Vectors journal and Medical and Veterinary Entomology journal (Fig. 4) . Co-citation analysis of journals with a minimum of 250 citation yielded 11 journals with the strongest link was between Malaria Journal and American Journal of Tropical Medicine and Hygiene (link strength = 2178) followed by the link between Malaria Journal and Medical and veterinary Entomology (link strength = 1717) (Fig. 5) .
Publications analysis based on the most active authors
Authors active in insecticide resistance are shown in Table 4 . The top active authors belonged to different countries and institutional affiliations. Four of the top active authors were from South Africa and there were from the UK. One author in the top list was from South East Asia, particularly from Thailand. VOSviewer co-authorship analysis (Fig. 6) showed that the top active authors existed in 4 different clusters seen in four different colors. The cocitation analysis showed that seven of the top active authors were usually co-cited together (Fig. 7) .
Publications analysis based on top cited articles
Top ten cited articles are shown in Table 5 [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] . At least four of the top ten cited articles were authored/ coauthored by Professor Ranson, H. Three of the top ten cited articles were published in Insect Molecular Biology journal. Six articles were about pyrethroid resistance and at least two were about DDT resistance. Pyrethroid Knockdown resistance (kdr), voltage-gated sodium channel gene, and voltage-gated sodium channel gene were main molecular biology topics in the top ten cited articles. The highest number of citations obtained was 444 for the article entitled "Molecular characterization of pyrethroid Knockdown resistance (kdr) in the major malaria vector Anopheles gambiaes.s." [56] .
Discussion
Resistance to insecticides
The objective of this study was to give a bibliometric overview of the resistance of the malaria vector to the approved insecticide. The timing of this study is important for at least three reasons: First, several international agencies are preparing strategic plans to control and eliminate malaria in the coming decade. Second, the resistance of malaria vector to pyrethroidis is escalating [66] and finally, 3) pyrethroid resistance will have serious implications on malaria vector control and thus malaria infection control [58] . Our study showed a noticeable increase in insecticide resistance in 2006. Several reasons could be cited to explain this rise, for example, the extensive use of pyrethroids in ITN, LLINs, and IRS in the past two decades is one reason [63, 67] . Furthermore, the extensive use of DDT and bendiocard in IRS contributed to this resistance. The utilization of insecticides in agriculture to control crop pests is also a potential reason for the emergence of malaria mosquito resistance [68] .
Resistance to pyrithroids
The high citations and h-index of retrieved articles on insecticide resistance is indicative of the importance of this issue [69, 70] . Malaria is one of the major global public health concerns and the control of malaria is a priority for many African countries. Such control cannot be achieved without controlling the vector. The use of insecticides in ITNs, LLINs and IRS was a success story and created an impressive reduction in malaria burden for countries in Africa and other continents [71] . The news for vector resistance attracted the attention of researchers, international organizations and health bodies and elicited a wave of publications regarding epidemiology, health consequences and molecular biology behind this resistance. Actually, the news on insecticide resistance reached a situation that needs an urgent action at all levels including research to maintain the success in malaria control [19] . Our study also showed that publications on pyrethroid resistance is a strong significant predictor of worldwide publication on malaria vector resistance. This is not surprising given that synthetic pyrethroids are the only WHO-recommended insecticides in treated nets [72] . The potential loss of pyrethroids as a weapon in fighting malaria vector was an alarming news to those involved in malaria control and initiated more extensive molecular research on this issue as well as research on developing effective and safe alternatives to pyrethroids in treated nets. Furthermore, in response to these alarming reports, the WHO developed the Global Plan for Insecticide Resistance Management in Malaria Vectors (GPIRM) [72] . Active countries in research related to insecticide resistance of malaria vector
Our study showed that 34 African countries participated in the publications of retrieved articles on insecticide resistance. According to the WHO and since 2010, at least 60 countries have reported resistance to at least one class of insecticide and at least 49 countries have reported resistance to at least two or more different classes [73] . In Africa, resistance have been reported from many countries [24, [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] . Of particular importance are the African countries in which insecticide resistance has been shown to all four classes of insecticide. Such countries include Cote D'Ivoire and Mali [16, 85] . The involvement of the African countries in malaria research in general, and in insecticide resistance in particular, came largely through international collaboration as indicative of percentage of MCP from African countries listed in the top ten list. It is true that such countries have been suffering from malaria and other tropical diseases and it is a must to follow up in research on these disease, however, the limited expertise and resources of these countries necessitates the collaboration with other western developed countries particularly the UK and France given the historic relations between these countries and Africa. A description of benefits gained by collaboration was elaborated in an article discussing the ChinaAfrica collaboration in malaria control and elimination [86] . Our study showed that four active institutions focusing on insecticide resistance were located in Africa, particularly South Africa, Benin and Burkina Faso. Of particular importance is the National Institute for Communicable Diseases (NICD) in South Africa which provides information on communicable diseases to support the government's response to disease threats [73] . Although, the focus of vector resistance is directed toward Africa, other parts of the world in which malaria is an endemic disease had also participated in research and publications on this issue. Countries like India, China, Thailand and other Asian and South American countries have also contributed to the publications [16, [87] [88] [89] [90] [91] [92] . Insecticide resistance in south eastern region and in Mekong area in particular has become of major threat given the reported resistance of Plasmodium falciparum to the most effective anti-malarial, artemisinin drugs [93, 94] .
Journals that published the most articles
Our study showed that Malaria Journal was the most active in publishing articles on vector resistance. It is the only journal that is dedicated for malaria research in the general sense. However, journals in tropical medicine, parasitology and medical entomology were also heavily 
Articles citation
Our study showed that articles on molecular mechanisms of malaria vector resistance are being mostly cited. This interest in the molecular biology aspects of insecticide resistance is most likely motivated by the search for new novel insecticides that are less prone to resistance. Point mutations in mosquitos described as Knockdown resistance (kdr) was extensively investigated to understand the molecular aspects of Anopheles mosquito resistance. Knockdown resistance (kdr) is the most common form of insecticide resistance and has been reported in many African and Asian countries [20, 81, [95] [96] [97] [98] [99] [100] [101] [102] [103] [104] . One of the top cited articles also discussed the role of voltage gated sodium channels in insecticide resistance. The most common form of kdr is a mutation in voltage gated sodium channels in the central nervous system of the mosquito [102, [105] [106] [107] [108] . Additionally, the role of glutathione transferases in conferring metabolic resistance was discussed in at least two of the top cited articles. Glutathione transferase is a form of metabolic detoxification in malaria vector. Such metabolic detoxification also includes alteration in P450 monooxygenases and esterases [109] [110] [111] [112] [113] .
Authors' analysis
Our study showed that the most active authors were in South Africa in addition to authors in the UK, France and other countries. The top active authors in South Africa are being co-cited with active authors in the UK and VOSviewer showed that authors in South Africa and the UK have joint collaboration in this regard. South Africa is one of the African countries that had successfully controlled and confined malaria [114] [115] [116] [117] [118] . Actually, regional and international collaboration with African countries in malaria control programs had yielded positive results in malaria control [119] .
This study is the first to discuss malaria vector resistance to insecticides. However, the authors acknowledge that this study has few limitations that need to be addressed. The fact that not all journal, particularly those issued from Africa or Asia, are indexed in Scopus made the number of retrieved documents less than the true accurate number. Furthermore, the authors did their best to use all keywords that are relevant to the topic and did a manual check for the retrieved articles, however a limited number of false positive or negative remain a possibility. With regard to the ranking, the authors extracted the information as is from Scopus. However, due to different spelling of authors or institutions, it is possible that some authors have multiple affiliations that the authors were not aware of and thus the ranking might not be 100% accurate. Finally, in VOSviewer, we always used a minimum number or threshold to draw the maps, thus not all the items are shown. Not being shown in the map does not mean that the item is not important or that the authors were biased toward any particular item. The authors were aware of all these limitations and did their best to minimize it to an acceptable level.
Conclusion
Our study showed that publications on malaria vector resistance to insecticides is gaining momentum in the past decade. African countries and institutions had positive and noticeable contribution to publications in this topic. International collaborations with African countries in this field was also significant. Publications on this topic appeared in high impact journal and had high citations and h-index indicative of readability and quality. Molecular biology aspects of insecticide resistance were the most cited articles in the field. Authors from South Africa and the UK had noticeable collaboration and contribution to malaria vector resistance. Further research, collaboration, and funding is needed to investigate the epidemiology and molecular biology of this topic.
Implications and future work
Studies investigating anopheles target-organ resistance is recommended, in addition to strategies to combat insecticide resistance must be kept a priority. Crossresistance should be also investigated, as well as, the ecology of the target pest, novel biochemical targets, and new chemical approaches for pest control and the implications of utilizing more and newer insecticides. 
